 2  4 
To quantify sexual dimorphism in face shape, we measured facial images of male 1 1 4 (N=69) and female (N=27) rhesus macaques, collected during the 2012 and 2013 mating 1 1 5 season following a previously described method [41] . Multiple images of males were 1 1 6 captured in RAW format from 1-3 m away from subjects using a calibrated Canon EOS 1 1 7
Rebel T2i camera with an 18-megapixel CMOS APS sensor and an EF-S 55-250 mm 1 1 8 f/4-5.6 IS lens. In order to obtain an image of the male looking straight at the camera, we 1 1 9 placed a red plastic apple immediately above the camera lens to attract their attention, 1 2 0 and collected several images in a row using the burst function, enabling us to select the 1 2 1 most forward-facing image from the series. Immediately after the capture of an image, 1 2 2
we took a photograph of a colour standard (X-rite ColourChecker passport) placed in the 1 2 3 same location and photographed under the same lighting as the subjects (i.e., the 1 2 4 "sequential method": [42] [43] [44] [45] . For analysis, we chose only images of fully adult males (median age = 9 years; 1 2 6 range = 8-16 years; N=69) and females (median age = 9 years; range = 8-14 years; N=27) 1 2 7 looking directly towards the camera. For each image, we digitally measured the sizes of 1 2 8 eight facial features in GIMP 2013, as depicted in Fig. 1 , and scaled the length of each feature by dividing it by head height (hereafter, relative size). We then compared male 1 3 0 and female relative feature sizes using either Mann-Whitney U or independent samples t- =1.22 ± 0.039) facial masculinity scores differed significantly (Mann-Whitney U = 10.0, Table 1 approximately images and feminine images, respectively) that did not contain any distracting elements, We printed stimuli onto matte photo paper (Staples Photo Supreme) using a 1 5 4 colour-calibrated printer (Canon Pixma Pro 100), and measured the printed face colour 1 5 5 using a Xrite ColourMunki spectrophotometer (see [31] ). Pictures were printed on letter 1 5 6 format paper (21.5 cm × 28.9 cm), with printed images of a dimension of 18.5 cm × 18.5 1 5 7
cm, in such a way that face length was 17 cm. were 85 cm apart at their centres (the apparatus measured 50 x 120 cm; Fig. 2 ). The relative position of the images in the frame -whether the masculine image was on the 1 6 8 right or left -was randomised. Prior to trials, the stimuli were covered by occluders. at time of study). We tested 167 of these potential subjects, each being tested only once. We discarded 60 trials that lasted less than 15 s, or during which it was not possible to participated in failed trials, and females that saw stimuli when they were not being tested 1 7 5 9 were also identified and were not tested in future trials. Females who were near adult 1 7 6 males, sleeping, or grooming other adults were not tested. For testing, we placed the experimental apparatus 2-3 m in front of a female and 1 7 8 started recording her behaviour on video (Fig. 2) . To determine the location of the stimuli 1 7 9
in relation to the subject's eyes (for video coding), we directed her visual attention
toward the location of the covered stimuli by tapping on the occluders (in randomised 1 8 1 order). We then directed her attention away from either stimulus by tapping on the centre 1 8 2 of the apparatus, and removed the occluders to reveal the stimuli. Trials lasted for 30 1 8 3 seconds after removal of the occluders, unless the subject moved away or engaged we assessed the total amount of time spent looking at the masculine image and at the 1 9 1 feminine image. To eliminate the possibility of coding bias, we coded all trials blind to 1 9 2 condition (i.e. on which side the masculine image was located). and facial colouration, on stimulus image masculinity, we used Spearman's rank stimuli (r s = 0.075, N = 20, P = 0.754), and males used in masculine male images (N = 2 0 0 10, median age = 10) were not older than more feminine males (N = 10; median age = 9; 2 0 1
Mann-Whitney U = 39.5, P = 0.421). To quantify facial colour and luminance, we took 71.5, P = 0.11). We thus concluded that any difference in the looking behaviour of our 2 1 1 subjects toward masculine and feminine stimuli would be independent of the effects of 2 1 2 male age or facial colour.
1 3
We also checked for confounding effects of stimulus males' familiarity to 2 1 4 females. Our operational definition of familiarity was group co-membership. Therefore, 2 1 5
using Mann-Whitney tests, we compared the proportion of trial time subjects looked at 2 1 6 masculine stimuli when they were groupmates with neither stimulus male (N=76) to trials 2 1 7 in which they were groupmates of the masculine stimulus male (N=14), the feminine 2 1 8 stimulus male (N=10) and both (N=7). All results were non-significant (masculine vs. To test the prediction that females would look longer at the more masculine face of the 2 2 5 pair, we undertook two analyses. First, we compared females' duration of looking we compared the number of trials in which females looked longer at the masculine vs. feminine stimuli to the value expected by chance (0.5) using a binomial test.
9
We also used two approaches to test the prediction that the proportion of time 2 3 0 spent looking at the more masculine face would be positively related to the difference in 2 3 1 masculinity between the two faces presented. Firstly, we calculated the relative difference 2 3 2 between the masculinity scores of the masculine and feminine image for each trial as with higher scores indicating larger disparities between the two images. We then ran a as the predictor variable. As relative masculinity may be related to absolute masculinity, masculinity score (of the more masculine image) as predictors. Prediction 1 -females will look longer at the more masculine male face of the pair 2 5 0
Subjects' median overall look-time was 4.72 s, or 31% of the 15-s trial period. However, subjects did look longer at the masculine than the feminine image in a test: p = 0.031). Prediction 2 -the proportion of time spent looking at the more masculine face will be 2 6 2 positively related to the difference in masculinity between the two faces presented 2 6 3
Trials' relative facial masculinity scores ranged from 12.1% to 61.4%, and 2 6 4 variation in these scores explained a small but significant proportion of variation in CI=0.54-0.192, p = 0.34; total model: F [2,104] = 2.9, adjusted R 2 = 0.034, p = 0.06). Having separated trials into high (N = 54; mean ± SE = 42.7 ± 0.75%) and low (N 2 7 6 = 53; mean ± SE = 22.7 ± 1.14%) relative masculinity score groups, we found that in the 2 7 7 low-differences group, subjects' look-times did not differ between masculine (median = Wilcoxon signed-rank test: Z = -1.28, N = 53, P = 0.201; Fig. 5 ), while in the high-2 8 0 differences group, subjects looked significantly longer at masculine than feminine images Using a two-alternative experimental look-time paradigm, we tested the hypothesis that 2 8 9 free-ranging female rhesus macaques perceive variation in male facial masculinity. In 2 9 0 partial support of our prediction that females would look longer at the more masculine 2 9 1 male face of the pair, test subjects looked longer at masculine than feminine male faces 2 9 2 when the difference in masculinity between the two was high. Moreover, as predicted, the 2 9 3
proportion of time spent looking at the more masculine face was positively related to the 2 9 4 difference in masculinity between the two faces presented. No relationships were found 2 9 5 between male facial masculinity and either male age or facial colour, and female look-2 9 6 time did not appear to be related to familiarity to the test subject, ruling out these as 2 9 7 potential confounds of our key results. Overall, this study provides evidence from a non-2 9 8
human species that variation in male facial shape, specifically variation along a feminine-2 9 9 masculine continuum, is salient to female conspecifics.
The finding that females distributed their visual attention unevenly between 3 0 1 masculine and feminine faces indicates that the variation in facial masculinity we 3 0 2 measured was not only perceived by, but also salient to female rhesus macaques. It is primates [e.g., 7,43], it seems likely that females' ability to discriminate variation in this 3 0 8
trait is the result of evolutionary processes. Work to date has indicated that the development of facial masculinity in humans
is under the control of testosterone [6,7, but see 10, which failed to replicate this human primates [11, 27, 30] . As such, it is possible that females gain from paying attentional bias shown for threat grins documented in this species [46, 48] . A non-
mutually exclusive possibility is that females are attracted to facial masculinity in a 3 1 7 sexual context; a preference for males with more masculine faces as mating partners may 3 1 8 benefit females if this trait is an honest cue of male genetic quality and health. According Since the development of facial masculinity is under the control of testosterone, high 3 2 2 facial masculinity could therefore be a cue to male quality that is available to females. Since visual attentional biases can be underpinned by both attraction and fear (reviewed male facial masculinity in this species.
3 2 8
Our finding that subjects' responses to experimental stimuli depended on relative 3 2 9
differences in masculinity highlights the importance of considering aspects of receiver
psychology in studies such as this one. We suggest two potential explanations for the 3 3 1 positive association between masculinity differences and subjects' visual bias toward 3 3 2 masculine faces. First, the differential responses may have been associated with subjects' Our study did not attempt to disentangle the potential reasons for the visual biases we observed, but these are important avenues for future investigation. Studies of female to assess the potential information content of facial shape by investigating the 3 5 3 behavioural, physiological, morphological, and genetic correlates of facial masculinity.
3 5 4
Finally, as there is evidence that male facial colouration plays an important role in female 3 5 5 mate choice in this species [31, 41, 56] , a more comprehensive analysis of the relationship 3 5 6
between facial masculinity and facial colouration is needed to better understand how 3 5 7 different facial features, and the interaction between them, may shape female preferences. The study was approved by the IACUC of the University of Puerto Rico, Medical 3 6 2 Sciences Campus (protocol No. A0100108). All applicable international, national, and/or 3 6 3 institutional guidelines for the care and use of animals (in particular non-human primates) 3 6 4
were followed. All procedures performed involving animals were in accordance with the 3 6 5 ethical standards of the institution(s) at which the study was conducted. All data and code related to this study have been: 1) Submitted as electronic 3 6 9 supplementary materials accompanying the manuscript, 2) Submitted to Biorxiv along 3 7 0
with manuscript preprint at https://www.biorxiv.org/content/early/2017/11/21/222810 3 7 1
3) Uploaded to Dryad data repository; review link: The authors declare that they have no financial or non-financial competing interests. The 
